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SUMMARY A 4-month-old infant with cyanosis but without other abnormal cardiac findings is presented
in whom the diagnosis of anomalous systemic venous connection to the left atrium was made by contrast

echocardiography. The diagnosis was later confirmed by cardiac catheterisation and selective cine-
angiography. When saline was injected into a vein on the dorsum ofeach hand while echocardiographically
recording the cardiac structures, the left atrium, left ventricle, and aorta were opacified without
visualisation of the right ventricle. Similar study with injection into the right foot produced opacification
of the right ventricle without visualisation of the left-sided structures. These data suggested normal
drainage ofthe inferior vena cava with anomalous connection of the superior vena cava to the left atrium.

A review of the previously reported cases of anomalous connection of the right superior vena cava

to the left atrium is presented together with the possible embryological origin of this anomaly.

Since the original description of Gramiak and Shah,'
contrast echocardiography has been used to validate
echocardiographic identification of cardiovascular
structures,2 3 to detect left-to-right or right-to-left
shunts4-9 or valvar regurgitation,4 5 and to diagnose
a variety of congenital heart defects.4 5 9-12 We have
used this technique with peripheral vein saline
injection6 9 to diagnose a unique case of systemic
venous connection to the left atrium which was
later confirmed by cardiac catheterisation and
selective cineangiography. The purpose of this
report is to illustrate the usefulness of contrast
echocardiography in the diagnosis of anomalous
systemic venous connection to the left atrium and
to present the details of this rare anomaly. Review
of the previously reported cases of this anomaly
and a hypothesis of its embryological development
will also be presented.

Case report

A 4-month-old asymptomatic female infant, the
product of a full-term normal pregnancy, labour,
and delivery, was found to have moderate cyanosis
by the paediatrician. After confirming low arterial
P02 (31 torr in room air) the infant was referred for
further evaluation. Physical examination was

completely normal with the exception of moderate
central cyanosis. The electrocardiogram was normal.
Chest x-ray films showed a prominent thymic
shadow and questionable mildly decreased pulmon-
ary vascular markings. Her haemoglobin was 13-6 g/
100 ml and haematocrit 41 per cent. M-mode
echocardiogram was interpreted as normal. Right
radial artery P02 was 32 torr in FI02 of 0-21 and
the acid base status was normal. These remained
unchanged in FI02 of 1-0 for 15 minutes.

Echocardiograms were performed by standard
techniques using an Irex Continutrace echocardio-
graph with a 3-5 MHz focased transducer."1l4 With
the patient in the supine position, the transducer
was positioned along the left sternal border in the
fourth intercostal space. Recordings of left ventri-
cular cavity (with the right ventricle anterior to it)
and aortic root (with the left atrium behind it and
right ventricular outflow tract in front of it) were
successively made while injecting 1-0 to 1-5 ml
normal saline through 25 gauge scalp vein needles
inserted into veins of the right and left hands and
right foot. These contrast echocardiograms were
performed in duplicate. With injection into either
hand, the left atrium and aorta were opacified
without the appearance of contrast echoes in the
right ventricular outflow tract (Fig. 1 A and C).
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Similarly, the contrast echoes appeared in the left
ventricle without opacification of the right ventricle
(Fig. 1 B and D). When saline was injected into a
vein of the right foot, the right ventricular outflow
tract and right ventricle were, respectively, opacified
without opacification of the left atrium, aorta, or
left ventricle (Fig. 1 E and F). These data suggest
venous drainage of both arms into the left atrium
while the inferior vena cava drains normally.
The infant was observed over the next few

months and, though she remained asymptomatic, a
gradual increase in haemoglobin was observed
(Hb 15-0 g/100 ml at the age of 8 months).

Cardiac catheterisation with selective cineangio-
graphy was performed at the age of 8 months.
There was minimal systemic venous oxygen
desaturation without any step-up in °2 saturations
in the right heart (Table 1). The catheter could not
be advanced into the superior vena cava from the
right atrium. The catheter could be advanced,
however, though with difficulty, into the left atrium
via a patent foramen ovale and from there into the
superior vena cava and both right and left innomin-
ate veins. The pulmonary venous oxygen saturation
was normal and there was a severe step-down in the
0° saturation at the left atrial level with the resultant
moderate systemic arterial desaturation. The right
and left heart pressures were within normal limits
(Table 1).
An angiogram was performed with the catheter

tip positioned in the right innominate vein. The
right superior vena cava (into which the left
innominate vein also emptied) was opacified first
and was then seen to enter the left atrium (Fig. 2

Table 1 Cardiac catheterisation data

Site 0, saturation Pressure
(%) (mmHg)

Superior vena cava 60 a=6, v=8, m=7
Inferior vena cava 62
Right atrium 62 a=4, v=3, m=4
Right ventricle 60 23/4
Main pulmonary artery 60 21/14, m = 16
Pulmonary veins (right and left) 98 -

Left atrium 79 a=7, v=8, m=7
Left ventricle 79 75/6
Qp:Qs 0-5:1-0

A and B). The left ventricle and the aorta were
subsequently filled in a normal manner. A left
innominate vein angiogram excluded the possibility
of a persistent left superior vena cava entering the
left atrium (Fig. 2 C). Selective left atrial angio-
graphy showed retrograde opacification of the right-
sided superior vena cava for a short distance but
there was no evidence for a persistent left superior
vena cava. Thus, the data from the catheterisation
and angiography confirmed the diagnosis made
with the contrast echocardiography. Because of
lack of symptoms and only mild polycythaemia
(haemoglbin of 15 0 g/100 ml at the time of the
catheterisation) surgical correction of the defect
is deferred for the present but is planned for some
time in the future.

Discussion

CONTRAST ECHOCARDIOGRAPHY
This infant with cyanosis and significant systemic
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Fig. 2 Selected frames (A and B) from posteroanterior and lateral views of right innominate vein
cineangiogram. Note opacification of right superior vena cava (SVC), left atrium (LA), left ventricle (LV), and
aorta (Ao) without opacification of right atrium or right ventricle. The left innominate vein (LInV) was faintly
opacified. LInV angiographic frame (C) shows opacification of SVC, LA, and LV without opacification of right
atrium or ventricle. There was no opacification of a left superior vena cava. C, catheter.
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arterial desaturation and no other abnormal cardiac
findings presents an interesting differential diagno-
sis", which includes pulmonary arteriovenous
fistula, pulmonary arterial connection to the left
atrium, and anomalous systemic venous connection
to the left atrium. We used the contrast echo-
cardiographic technique to aid in this differential
diagnosis. In patients with pulmonary arteriovenous
fistula or pulmonary artery connection to the left
atrium, one would expect appearance of contrast
echoes in the right ventricle before being seen in
the left atrium, left ventricle, or aorta. Further-
more, in these entities there is no anatomical basis
for differential echo contrast opacification when
saline was injected into the veins of the hands and
foot. Contrast visualisation of the right ventricle
and right ventricular outflow tract with injection
into the foot in this infant suggested a normal
venous drainage of the lower part of the body.
Opacification of the left atrium, left ventricle, and
aorta without opacification of the right ventricle
and right ventricular outflow tract with injection
into both hands suggested drainage of the upper

part of the body into the left atrium. Thus, with
the use of these contrast echocardiographic studies,
we were able to arrive at the diagnosis of anomalous
systemic venous connection to the left atrium
before cardiac catheterisation and selective cine-
angiography. It could not be determined, however,
whether an isolated right superior vena cava or
persistent left superior vena cava alone was present
or whether both were present.

ANOMALOUS SYSTEMIC VENOUS CONNECTION
TO LEFT ATRIUM
Although anomalous systemic venous connection
to the left atrium in association with other congenital
heart defects"' 17 or with asplenia-polysplenia
syndromes18 19 is well documented, it is rare as an

isolated anomaly. To our knowledge, there are only
four reported cases of isolated anomalous con-

nection of the right superior vena cava to the left
atrium.2 23 The case reported in this paper is the
fifth case of isolated right superior vena cava

connection to left atrium. The pertinent features
of these five cases are given in Table 2. All but one
were children at the time of first presentation with
symptoms. The lone exception was a 34-year-old
woman reported by Park et al.23 All cases including
ours were female and, therefore, it is tempting to
postulate a definite sex predilection for this anomaly
We hasten, however, to add that this apparent sex
predilection is probably related to the small number
of cases reported and is a rare coincidence. The
presenting symptom was cyanosis in all patients,
with exertional dyspnoea in two. Physical examina-
tion with the exception of cyanosis was by and large
normal. Neck vein distension was noted in one case.at
This finding may be attributed to severe dilatation
of the superior vena cava observed by angiography-
and at operation. But the cause of the dilatation
was not determined.22

Chest x-rays were normal, as were electrocardio-
grams except for one case in which the electro-
cardiogram was interpreted as left ventricular

Table 2 Summary of reported cases of right superior vena cava to left atrium

Author Age (y) Presenting Physical X-ray Electrocardio- Diagnosis Surgery
and sex symptoms examination gram

Wood"0 10, F Cyanosis and Single 2nd Normal LVH* Angiography Not
exercise sound recommended
intolerance

Kirsh et al.'1 2, F Cyanosis Clubbing ? RV Normal Angiography Successful
hypoplasia and surgery correction

Braudo et al.'" 3, F Cyanosis and Clubbing, neck Normal Normal Angiography Successful
growth vein distension, and surgery correction
retardation ejection click,

and murmur

Park et al." 34, F Cyanosis and Normal Normal Non-specific, Angiography Refused by
dyspnoea on ST, T wave patient
exertion changes

Present case 8/12, F Cyanosis Normal Normal Normal Angiography Awaiting
surgery

* See the text.
LVH, left ventricular hypertrophy; RV, right ventricle.
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hypertrophy.20 The voltage criteria used,20 how-
ever, would not meet the current criteria.24
Moderate degrees of polycythaemia and arterial
unsaturation were present in cases in which these
data were reported. Diagnosis was made by
angiography in all and in two cases 21 22 the
diagnosis was also substantiated at operation. The
role of contrast echocardiography in the diagnosis
of this anomaly need not be re-emphasised and
indeed it was the major purpose for reporting this
case. Nuclear angiography would also be helpful
in delineating these anomalies.23 Though cardiac
catheterisation and angiography remain the most
useful procedures to confirm the diagnosis, they
are not without hazard; use of these anomalous
venous channels for catheterisation has been
reported to produce paroxysmal supraventricular
tachycardia, occasional angina, shock, and cardiac
arrest.25 26
The cases reported by Kirsh et al.2' and Braudo

et al.22 had successful surgical correction. Operation
was refused by the patient described by Park and
associates23 and it was not recommended in Wood's
case.20
A 15-year-old child was reported by Tuchman

et al.27 in whom the superior vena cava entered the
left atrium. This was first diagnosed by cardiac
catheterisation with subsequent confirmation at
necropsy. It was not clear, however, from the des-
cription whether it was a left or right superior vena
cava.23 Other types of "isolated" anomalous sys-
temic venous connections to the left atrium are also
rare and include persistent left superior vena cava
into the left atrium,'6 28-33 inferior vena cava into
the left atrium,'5 34-36 and total anomalous systemic
venous drainage into the left atrium.37

EMBRYOLOGICAL ORIGIN
In an attempt to explain the origin of the right
superior vena cava to left atrium, persistence of the
cephalic portion of the right valve of the sinus
venosus22 and leftward and cephalic displacement
of the right horn of sinus venosus2' 23 have been
postulated. Misplaced interatrial septum as a cause
for this anomaly was mentioned2' 22 but was
excluded on the basis that the orifice of the inferior
vena cava and coronary sinus would also be located
on the left atrial side of the septum if this oc-
curred.2' 22 More than normal leftward or cephalic
displacement of the sinus venosus postulated by
Kirsh and associates2' may not produce this anomaly
unless associated with a shift of the embryological
interatrial septae (septum spurium, primum, and
secundum) to the right of (or caudal to) the common
cardial vein. Persistence of the cephalic portion of
the right valve of the sinus venosus as suggested by

Braudo et al.22 may not be tenable because this would
also result in the entrance of the inferior vena cava
and even the coronary sinus into the left atrium.
An orderly sequence of events with precise timing

is necessary for normal development of the cardiac
structures. If, for some reason, the sinus venosus
becomes incorporated into the right atrium sooner
than normal or if the right horn of the sinus venosus
grows in a vertical direction (with resultant increase
in relative distance between the superior and
inferior vena cava) earlier than normal, the cephalic
continuation of the venous valves, the septum
spurium, and thereafter the septum primum and
secondum may come to lie on the right of (or caudal
to) the superior vena cava and thereby result in
right superior vena cava to left atrium. Alternatively,
later than normal timing of development of venous
valves and septum spurium (septum primum and
secundum to follow) may similarly result in the
above-described phenomenon. Though this hypoth-
esis may appear reasonable on theoretical grounds,
no evidence to support this hypothesis could be
provided from the reported cases.

The authors thank Drs W Covitz, P Gilman, W
Strong, and J Wilkins for their contribution in the
preparation of this report.
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